ABSTRACT
Introduction
Obesity is considered a major problem for public health in the 21st century. It is a major factor influencing economy not only because of correlated disease burden, but also through obesity limiting capacity of some individuals to work and by requiring changes in industrial construction standards, especially in the garment industry [1] and where ergonomic considerations are prominent.
Obesity is commonly considered to be a result of the lifestyle of overnutrition and underexercise. Based on this concept, measures aimed at limiting the increase in adiposity have failed to reverse the trend. Normal biological variation in nutritional physiology and thus in individual responses to food intake and energy expenditure is largely ignored. It can be argued that obesity has two sets of causes: 1) purely lifestyle-related and 2) biological variations. There is natural variation among individuals in metabolic processes such as caloric requirements, energy expenditure, nutrient absorption, processing of nutrients and appetite regulation in response to the variation in neurohormonal regulation of the central nervous system. Moreover, certain metabolic anomalies, such as diabetes type I, predispose to adiposity. The prevalence of individuals with metabolic problems may be increasing as the variation in human biological characteristics is increasing under conditions of relaxed selection. This process has been documented for anatomical variations and anomalies [2] [3] [4] [5] [6] , while with respect to metabolic variation it remains hypothetical.
Strategies of providing public with general advice on how to control body weight treat all people the same way Factors for Body Mass Increase in Healthy Males and due to varying levels of comprehension of messages and poor compliance with diets and exercise regimes, largely fail. It seems that targeting groups-at-risk, and giving them individual attention, may be more effective [7] . Thus, to introduce such individualized strategies, we must be able to understand what individually variable factors increase risk of obesity.
Obesity has multiple etiologies and thus any single factors can be expected to show only low correlations to adiposity in a cross-sectional study. Therefore such studies require very large samples in order to determine with confidence the significance and the magnitude of the influence of particular factors. In the present-day social environment, collection of very large samples of uniformly measured biological variables is difficult. With age, body weight naturally increases while various diseases may occur and their weight-changing effects accumulate throughout the life too. Thus, increasing sample size by including persons of various ages may confound results. This explains relative scarcity of unbiased large sample studies of biological characteristics associated with obesity.
One of possible approaches to the study of individual variation in the obesity risk is to investigate co-variation of adiposity with a number of biological characters while controlling for cultural and socioeconomic differences in a large sample of young people of the same age. Military conscription in Switzerland provides a unique opportunity for such a study. Each Swiss male upon reaching age of 19 years is required to present himself for conscription, some females can, and do, volunteer and undergo the same conscription procedures. During those procedures personal data are collected and medical examinations conducted. In the course of medical examination measurements of body weight and height are made, blood samples taken for routine analyses, and physical fitness is tested. All conscription procedures are fixed and thus provide a standard set of data. Shortcoming of limited data depth (e.g. lack of skinfold measurements) in this situation is compensated by very large sample, because all members of a particular male birth cohort must present themselves for conscription. They no longer constitute a sample from a particular cohort -they actually are an entire cohort, a statistical general population of their birth year. It is only those males who reside abroad at the time of conscription, are seriously physically disabled (e.g. not able to walk) or have some very valid special excuse that do not present themselves for conscription and related physical examination.
In this paper we explore relationships among obesity as measured by body weight and the body mass index (BMI), socioeconomic variables and a number of blood parameters which may be indicative of metabolic processes ( Table 1) . Since the conscripts in the data set are 19 or 20 years old, we add two categories for students and apprentices.
Methods and Procedures

Distributions are shown in Figures 1(a)-(b).
Main language in the individual's municipality and religion in their districts of residence were used to capture cultural influences. All sectors of economy, social status categories, main languages and religions of Switzerland 
(c)-(d)).
Laboratory assessment includes blood sample and urine analysis [9] . Individual total cholesterol, creatinine, alanine transaminase, postprandial serum glucose level, erythrocyte count, leukocyte count and hemoglobine were examined. All individual data were made fully anonymous before analysis; no additional ethical approval is required for fully anonymized Swiss governmental statistical data (Swiss data privacy act, SR 235.1; 19.6.1992).
Statistical analysis (using Excel ® SPSS11 and Matlab ® , version 7.6.0324 [R2008a]; The MathWorks GmbH, Aachen, Germany) was performed by means of multivariate analysis of variance and stepwise multiple regression analysis after logarithmic transformation of those continuous variables which had skewed distributions.
Results
Our sample shows parameters of distributions of studied variables characteristic for young healthy males ( Table  1) 2 ) and 2202 (4.7%) are obese. Analysis of variance in the entire material indicates that the variable having the greatest contribution to the total variance of body mass is the level of alanine transaminase (ALT also called GPT-glutamic pyruvic transaminase) followed by systolic blood pressure and cholesterol. Other variables, including sociocultural ones, contribute each just around 1% or less to the total variance ( Table 2) .
Stepwise multiple regression analysis confirmed those results showing that in the entire cohort nearly 20% of variance is jointly explained by the levels of ALT and cholesterol while systolic blood pressure adds some 3.5%. Systolic blood pressure correlates with BMI independent of the levels of ALT and cholesterol.
When socioeconomic variables and blood pressure are kept constant in partial correlation coefficients calculations (Table 3) ALT shows the highest correlation with BMI followed by cholesterol level and erythrocyte count. Surprisingly, cultural and socioeconomic factors contribute little to the variance in the BMI-just about 1% -2% Factors for Body Mass Increase in Healthy Males though their contributions are formally significant (Tables 2 and 4). When their influence is practically completely removed by "experimental" selection of groups homogenous with respect to language and occupationGerman speaking university students and German speaking low-skilled workers-the pattern of contribution of biological variables within such groups remains the same with the greatest contribution of ALT and much lesser contribution of cholesterol ( Table 5) .
The pattern of the contribution of the variablesgreatest of those reflecting liver function, small of sociocultural factors, remains the same in groups of individuals with normal (18.5 -24. To confirm these findings further we have selected only those individuals who were healthy according to the following criteria: BMI 18.5 -24.9 kg/m 2 , cholesterol below 5 mmol/l, glucose below 7.8 mmol/l, ALT below 23 μm/l and systolic blood pressure below 130 mmHg. In this artificially created "healthy" group ALT still had the greatest, significant relationship with BMI (Table 6) . Finally, it is interesting to note that postprandial levels of glucose ( Table 2) do not co-vary with BMI at all in any group. Factors Sector (Figure 1(a) ) 964.1 0.000
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Social status (Figure 1(b) The greatest portion of the total variance in our analyses is the unexplained variance. Measurement error of BMI is rather small (about 5% [10] ) but physiological parameters may have larger measurement error variances as indicated by about 30% -40% errors assessed for blood pressure, cholesterol and glucose concentration by Whitlock et al. [10] . This seems unavoidable in a cross sectional-study where short-term individual variations cannot be controlled for. Were these errors controlled for, our findings would be stronger.
Discussion
Surprisingly, we have found very little influence of socioeconomic and cultural factors on the variance of BMI in the cohort of young Swiss males. Furthermore, biological variables related to characteristics of blood cells, kidney function, and postprandial glucose levels did not display any substantial contribution to the BMI variance. In the case of glucose levels, our results may not necessarily reflect natural metabolism of some individuals, especially those with diagnosed diabetes who are already on medication.
It was only liver function indicators that influenced strongly variation in BMI. Both ALT and cholesterol, the two variables showing the greatest contributions to the total BMI variance, are related to the liver function including links to metabolic pathways of gluconeogenesis and glycolysis and thus to the energy processing in the body. Blood pressure correlation with BMI seems to be a simple result of increased body mass. Switzerland is a highly developed country with egalitarian political system. Thus, all Swiss citizens, irrespective of their mother tongue and socio-economic situation, grow and live in conditions very close to the optimum for biological development. With the lack of variation in living conditions, biological characteristics come to the fore as determinants of obesity.
Parameters of liver function such as ALT and cholersterol levels have long been known to correlate with the metabolic syndrome and thus with BMI [11] [12] [13] . It has not been clarified, however, whether this correlation is a result of adiposity causing increase in ALT levels, or vice versa. Although there is no doubt that in excessively obese patients serious liver malfunction occurs [14] , producing elevated levels of ALT and cholesterol, there are many individuals of normal body mass [15] , or only mildly overweight [16] who have elevated levels of ALT. Our study cohort, comprising only young males, who at the time of conscription were apparently healthy, shows persistent correlation of ALT levels with BMI irrespective of actual body mass even in the "normal" BMI range. This is even true amongst a sample selected on all available parameters as absolutely "healthy". Our study design is cross-sectional and thus we cannot directly show a causal relationship between ALT and increased body Factors for Body Mass Increase in Healthy Males Table 2 ). All variables making statistically significant contributions are shown.
mass, but the sample size and the fact that the relationship is ubiquitous irrespective of actual body mass range, argue for the causal relationship that deserves to be studied further. We also selected individuals on the following criteria: systolic blood pressure below 120 mmHg, cholesterol level below 5.0 mmol/l, glucose concentration below 7.8 mmol/l, thrombocytes below 260,000/µl and leucocytes below 7100/µl. Such selection removes all risk factors of metabolic syndrome, as defined by the American Heart Association [17] and the Mayo Clinic [18], except BMI. In a group so selected, ALT levels still contribute significantly to body mass ( Table 7) .
A relationship between ALT and BMI was observed amongst professional athletes before [19] . In a Japanese sample, non-alcoholic, non-overweight participants of both sexes had a significant relationship of fatty liver resulting in high ALT levels and body fat [15] . These findings indicate that variation in liver function in normal individuals influences variation of body mass. In populations average liver function worsens with age [14] and Table 5 . Results of ANOVA and Stepwise Multiple Regression linking BMI to biological variables in German speaking conscripts divided into "Social" (socioeconomic status) groups. In ANOVA only the four variables with greatest sums of squares are included. Inclusion of variables into the regression was limited to those contributing more than 0.5% of the explanation of the total variance in BMI. Group average BMI increases. Identification of individual levels of relevant liver functions may be used to pinpoint those young patients that are at risk of developing obesity and, thus, design for them personal coping strategies to prevent development of metabolic syndrome. Present-day treatment of potential or actual metabolic-syndrome-related obesity, by strict dietary and exercise regimes, however to a certain degree effective, requires high levels of patient compliance which are difficult to observe persistently and thus often ineffective. Our results suggest that weight gain by some individuals may be a result of their biochemical anomalies, not of gluttonous life style. Were it so, it would be possible to develop pharmacological ways of correcting liver metabolism to avoid development of obesity by a substantial portion of a population. The fact that the greatest portion of individual BMI variance remains unexplained in our study probably has two sources: 1) measurement error and 2) individual variation in factors that were not captured by variables used in this study. These errors result primarily from diurnal and other periodic fluctuations in body functioning rather than from laboratory techniques. Undoubtedly there is individual variation in biological and socio-psychological factors underlying variation in BMI that was not captured by analysis of parameters available for this study and which shall be explored further in the future. Also, a further study including larger number of variables characterizing metabolism in more detail in participants of both sexes would be useful.
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